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L.A. Malek,* A.K. Malek, J. Leszczynski, S. Toutounchi, M. Elwertowski, M. Spiewak
and P. DomagalaFirst Department of Cardiology, Medical University of Warsaw, Warsaw, PolandObjective. The aim of our study was to identify risk factors for early restenosis after carotid endarterectomy (CEA).
Methods. Prospective follow-up of 497 primary CEAs was performed at 3, 6, 12 and 24 months by clinical assessment and
duplex ultrasound to identify R50% restenosis.
Results. Early restenosis occurred in 71 (14.3%) patients. By univariate analysis high carotid clamping time (CCT) (pZ
0.002) and absence of shunt use (pZ0.03) were related to early restenosis. High CCT was the only independent predictor of
early restenosis in a forward stepwise logistic regression model (ORZ2.25; CI 1.2–4.1; pZ0.008).
Conclusions. Carotid clamping time may be a novel risk factor for early restenosis.Keywords: Carotid endarterectomy; Restenosis; Risk factors.Introduction
The efficiency of carotid endarterectomy (CEA) is
limited by complications including restenosis.
Reported rates of restenosis following endarterectomy
vary from 3 to 37% but high-grade (O80% stenosis) or
symptomatic lesions occur in fewer than 7% of
patients.1 Risk factors for primary early restenosis
include female sex, age, hyperlipidaemia, hyperten-
sion and continued cigarette smoking.1–10 Patients
who develop restenosis may have increased preva-
lence of coronary artery disease, hyperlipidaemia,
diabetes mellitus and family history of cardiovascular
disease.11 In the largest study of this type on 825
patients from the ACAS Trial of the 15 potential risk
factors tested, only the use of patch angioplasty was
associated (negatively) with carotid restenosis.12 The
aim of the study was to find risk factors of early
restenosis in a large homogenous group of patients
after primary CEA.ing author. Lukasz A. Malek, MD, Department of
Thoracic Surgery, Central University Hospital, Medical
Warsaw, 1a Banacha St, 02 097 Warsaw, Poland.
: lamalek@amwaw.edu.pl
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We initially included 537 patients undergoing primary
carotid artery endarterectomy (CEA). Over 60% of
patients were symptomatic, presenting with stroke,
transient ischemic attack (TIA) or amaurosis fugax
(AF). The remaining group was asymptomatic and
referred to the department prior to cardiac or surgical
procedures, in the process of diagnosis for peripheral
occlusive artery disease (PAOD) or renal hypertension.
The indication for CEA in the symptomatic subgroup
were at least 70% stenosis (95% of patients) or severe
neurological symptoms with less then 70% but more
then 50% stenosis.13 Indications for CEA in the
asymptomatic group were Asymptomatic Carotid
Surgery Trial (ACST) randomisation,14 near-occlusion
or critical stenosis (O95%) and preparation for a major
operation. During follow-up we excluded cases where
patient either died or were lost to follow-up within 6
months of the operation (40 patients). The final study
included 497 patients. Post-operative follow-up was
performed at 3, 6, 12 and 24 months with clinical
assessment and duplex ultrasound. The median
follow-up time was 24 months (range 6–24 months).
All data were censored at the date of last follow-up
and the presence of a 50% restenosis was consideredEur J Vasc Endovasc Surg 30, 143–146 (2005)
doi:10.1016/j.ejvs.2005.04.023, available online at http://www.sciencedirect.com on
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endarterectomy zone. In the subgroup without rest-
enosis the following number of patients where under
observation at yearly intervals of follow-up: after 12
months 347 patients (81.4%) and after 24 months 315
(73.9%) of patients. The other patients either died or
where lost from observation because of other causes
(e.g. migration). Informed consent was obtained from
all participating patients. The study protocol was
approved by the Regional Ethics Committee.Definitions
Pre-operative and follow-up assessment of the extra-
cranial arteries was performed with duplex ultra-
sound by the same experienced ultrasonographer. The
presence of at least 50% restenosis was defined if the
peak systolic velocity ratio (internal carotid artery/
common carotid artery flow velocity) wasO3.6 or the
internal carotid systolic peak velocity wasO125 cm/s
with an end diastolic velocity O50 cm/s.15,16
Risk factors, were defined as follows: hypertension,
diabetes mellitus types I and II and coronary heart
disease when medically treated, previous myocardial
infarction on the basis of patient hospital records,
peripheral occlusive artery disease (PAOD) when
clinically symptomatic. Smokers were classified as
such when still smoking or having smoked within the
last 5 years. Hypercholesterolaemia, raised LDL-
cholesterol or hypertriglicerydaemia measured by a
standard hospital laboratory methods at the time of
admission. Positive CT scan included the presence of
ischaemia foci ipsi- and contralaterally or in both
locations. Carotid clamping time (CCT) was defined as
the time of placement of clamp and for cases where a
shunt was used as a time from the clamp installation
till the introduction of the shunt. Pre-operative or post-
operative neurological events including transient
ischemic attack (TIA), amaurosis fugax (AF) or stroke
were based on the neurological examination either in
patient medical record or performed by a experienced
neurologist during hospitalization. Systemic peri-
operative complications included cardiac (MI,
arrhythmia, cardiogenic shock), pulmonary and renal
complications. Local complications included those
possibly influencing restenosis: haematoma, hemor-
rhage and infection.Statistical methods
All results for continuous variables are expressed as
meansGSD and skewed variables as the median and
interquartile range. The threshold level for carotidEur J Vasc Endovasc Surg Vol 30, August 2005clamping time was established via a receiver-operat-
ing curve (ROC) relating CCT to early restenosis. The
CCT value showing the maximum likelihood ratio was
defined as the threshold point. For the relation
between clinical data we used chi-squared2 and
Yates’ correction for dichotomized comparisons or
Fisher exact test for categorical variables with small
number of expected frequencies.
t-Test or Wilcoxon rank sum test were applied to
compare any continuous variables with a normal or
non-normal distribution. All tests were two-sided with
the significance level of p%0.05. A stepwise logistic
regression model was developed to analyze the effect
of baseline characteristic on any observed association
with early restenosis rates. Variables with significance
p!0.1 were added to the model. To assess the
statistical significance of parameters retained we
adjusted p-values using the Bonferroni correction,
dividing the usual p-value (pZ0.05) by the number
of variables in the model. Freedom from restenosis
rates were also estimated and illustrated with the
Kaplan–Meier method, using the log-rank test for
comparison of groups. Statistical analyses were per-
formed with SAS software version 8e (SAS Institute
Inc., Cary, NY).ResultsBaseline characteristic
The median age of studied patients was 66 years
(range 41–85 years), 311 (62.5%) were male and 144
(29.6%) asymptomatic, 358 (72.5%) were being treated
for hypertension, 295 (59.7%) were being treated for
coronary heart disease and 93 (18.8%) were on
treatment for diabetes. A history of myocardial
infarction was present in 97 (19.8%) patients, 217
(55.1%) patients had dyslipidaemia, 162 (32.8%) had
clinical symptoms of peripheral artery occlusive
disease, 421 (88.3%) were active smokers or were still
smoking within the last 5 years. Critical stenosis (O
95%) of the operated artery was noted in 44 (8.9%)
patients. Contralateral stenosis was present in 324
(66.3%) patients with 82 (16.8%) having contralateral
occlusion. Surgical parameters included the use of
local anaesthesia in 493 (99.4%) of cases and the use of
shunts in 76 (15.3%) cases. Carotid clamping time
ranged from 1 to 45 min, with a median of 18 min.
Peri-operative complications included death which
occurred in 4 (0.75%) cases, major stoke in 10 (2.02%)
cases, systemic complications in 2 (0.4%) cases and
local complications in 10 (2.0%) cases.
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Early restenosis occurred in 71 (14.3%) patients, 34
(47.9%) during the first 3 months of follow-up and
only 9 (12.6%) in the second year after CEA. CCT
was greater in the subgroup of patients with early
restenosis than in those without restenosis after 24
months (pZ0.002). To facilitate clinical interpret-
ation we proposed a threshold value for CCT by
means of ROC. The area under the curve relating
CCT to early restenosis was 0.615 (95% CI 0.57–
0.65) and the highest likelihood ratio corresponded
to a value of 18 min in the prediction of early
restenosis.
Univariate analysis disclosed longer carotid clamp-
ing time (pZ0.002), higher rate of peri-operative
strokes (pZ0.05) and a lower number of operations
with the use of shunt (pZ0.03) as related to earlyTable 1. Baseline characteristic of the subgroups from the study
Early restenosis (K) (nZ426)
Risk factors
Male sex (%) 269 (63.15)
Median age (min., max.) 66 (43, 85)
AgeO70 (%) 116 (27.2)
Age!50 (%) 29 (6.8)
Hypertension (%) 309 (72.7)
IHD (%) 252 (59.6)
MI (%) 83 (19.8)
Diabetes (%) 83 (19.6)
Dyslipidaemia (nZ394) (%) 181 (53.1)
PAOD (%) 141 (33.2)
Cigarette smoking (%) 360 (88.2)
Other
Critical stenosis (O95%) 38 (9.0)
Contralateral stenosis 276 (65.7)
Contralateral occlusion 68 (16.2)
Neurological symptoms
TIA or AF 170 (40.7)
Stroke 52 (12.2)
CT (C)* (nZ441)
Ipsilateral 121 (32.2)
Contralateral 44 (11.7)
Both 26 (6.9)
Surgical parameters
CCTO18 min 189 (44.4)
Shunt 72 (16.9)
Peri-operative complications
Neurological
TIA or AF 6 (1.4)
Stroke 9 (2.1)
Systemic† 2 (0.5)
Local‡ 9 (2.1)
IHD, ischemic heart disease; MI, myocardial infarction; PAOD, periph
transient ischemic attack; AF, amaurosis fugax; CT, computed tomograp
over 24-month follow-up; CCT, carotid clamping time.
* Positive CT scan for the presence of ischaemia foci.
† Systemic peri-operative complications included cardiologic complic
and renal complications.
‡ Local complications included those possibly influencing restenosisrestenosis (Table 1). In the subgroup with negative
outcome there was also more patients with young age
(!50) and dyslipidaemia (in both cases pZ0.06). All
these variables were included in a logistic regression
analysis for the prediction of early restenosis (Table 2).
In the forward stepwise procedure with Bonferroni
correction only carotid clamping time was retained as
an independent predictor of the negative outcome
(ORZ2.25; CI 1.2–4.1; pZ0.008). Freedom from rest-
enosis rates estimated with Kaplan–Meier method,
using the log-rank test for comparison of groups with
carotid clamping time above and below calculated
threshold levels is presented on Fig. 1 (pZ0.0001). The
only statistically significant conditions differing
between low and high CCT subgroups were a more
frequent use of shunt and higher rates of contralateral
occlusion in the low CCT group (respectively, pZ
0.004, p!0.0001).Early restenosis (C) (nZ71) p
42 (59.15) –
66 (41, 83) –
23 (32.4) –
10 (14.1) 0.06
49 (70.0) –
43 (60.6) –
14 (19.7) –
10 (14.1) –
36 (67.9) 0.06
21 (30.4) –
61 (88.4) –
6 (8.7) –
48 (69.6) –
14 (20.3) –
25 (36.2) –
15 (19.5) 0.05
23 (35.4) –
8 (12.3) –
6 (2.2) –
49 (69.0) 0.0002
4 (5.7) 0.03
1 (1.4) –
1 (1.4) –
0 –
1 (1.4) –
eral occlusive artery disease; CEA, carotid endarterectomy; TIA,
hy; ER, early restenosis defined as occurrence of theO50% restenosis
ations (MI, arrhythmia, cardiogenic shock), pulmonary complications
: haematoma, hemorrhage, infection.
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Table 2. Independent predictors of early restenosis
Early restenosis (nZ71)
Wald c2 Odds ratio 95% CI p
Age!50 years – – – –
Dyslipidaemia – – – –
Previous ipsi-
lateral stroke
– – – –
CCTO18 min 6.84 2.25 1.22–4.13 0.008
Use of shunt – – – –
CCT, carotid clamping time.
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Our study was conducted on a homogenous group of
patients undergoing their primary internal carotid
artery endarterectomy. We found that out of the vast
group of studied parameters only carotid clamping
time (CCT) can be considered as an independent
predictor of early restenosis. We propose carotid
clamping time as a novel risk factor of early restenosis.
CCT could be a direct or indirect marker for other risk
factors of restenosis. Large or soft atherosclerotic
plaques usually require a longer procedure. If not
totally removed residual plaques might cause an early
restenosis. Shorter carotid clamping time can be a
marker of a surgical technique or skill. It is also
possible that clamping due to induction of local
ischaemia in the vessel wall accelerates the processesFig. 1. Kaplan–Meier curves for freedom from early rest-
enosis rates in calculated carotid clamping time (CCT)
subgroups (pZ0.0001).
Eur J Vasc Endovasc Surg Vol 30, August 2005of restenosis. Since in the shunt group CCT was
measured until the time of shunt installation, CCT is
also related to the time of cerebral ischaemia.
In conclusion, the relation between carotid clamp-
ing time and early restenosis seems to be an interesting
field for future studies.References
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